Life Science Laboratories, Central Research Laboratories, Ajinomoto, Co., INC, Yokohama and *Department of Veterinary Physiology, Faculty of Agriculture, University of Tokyo, Tokyo Synopsis By using 4-day cycling rats, the influence of forced immobilization and a simple surgical operation of cervical region, applied on the day of proestrus upon the expected ovulation on the following morning, were studied. When these treatments were given so as to cover the "critical period", the ovulation was effectively blocked and the complete blockade was established by the 4hr of forced immobilization alone, or the 2hr of that with the surgical operation, where the ovulation was delayed by one day and the vaginal diestrus lasted for 3days after the vaginal estrus of one day.
Administration of rat hypothalamic extract or LH normalized the precipitation of the periodical ovulation in the rat, treated with the 2-hr immobilization and the surgical operation.
The stimuli derived from these stressful treatments seemed to exert an inhibitory effect on LH-RF releasing mechanism to block the pre-ovulatory surge of LH and resulting in the delay in ovulation.
Although a similar delay in ovulation was observed in pentobarbital anesthesia, its subsequence of the vaginal cytology was evidently different from that obtained in the stressful treatment.
Different mechanisms would function in CNS, between the blockade response of the anesthesia and that of the forced immobilization with a surgical operation performed under arousal state. Only the ether inhalation among anesthetics used in unrestrained rats at the critical period had no effect on the periodical ovulation. (Everett and Sawyer, 1950) . Recently, we have attempted several surgical operations to collect the hypophysial portal vein blood of the rat, and found that urethane which Worthington (1966) had used for this operation, blocks the periodical ovulation when it is applied at the critical period. Then we have changed the means of immobilization from anesthetic methods to a forced immobilization of non-anesthesized rats. But, the ovulation is again found to be influenced by this physical restraint.
In this paper, the ovulation blockade in the rat, brought about by a forced immobilization alone or that with a surgical operation, those later to determine the precipitation of delayed ovulation, and the other were taken their vaginal smears daily at least for 2 subsequent cycles to trace further sequence of vaginal change.
For forced immobilization, the rat was firmly held in the supine position on a restrain board as shown in Figure 1 -a, where the head was fixed by two ear-bars and a retraction of the fore-teeth to the cranial direction, and the four limbs and tail were fixed by retracting together to the caudal direction. In this fashion the animal could be kept for some hours without exhibiting any appreciable movement. In the case of superimpose of surgical operation on the immobilization, the rat thus immobilized was simultaneously exposed to the common preliminary step of the operation which used in the hypophysectomy by the paraphalyngeal approach and in the blood collection of the hypophysial portal vein . That is, a longitudinal incision about 4cm long was made in the cervical region and the ventral surface of Table 1 . Effect of forced immobilization or that with surgical treatment at around "critical period" up on the periodical ovulation in the rat.
* The critical period for preovulatory LH surge in our 4 -day cyclic rats is assumed as from 14:00 to 16:00 on the day of vaginal proestrus. ** Superimpose of surgical operation at the cervical region on the immobilization (see text) . *** Based on the absence of tubal ova by examination at the next morning to the treatments . trachea with the thyroid glands was exposed by applying bilaterally retractions with small hooks on the separated sternohyoid muscles ( Fig. 1-b) . At the end of testing period, the incision was closed in the routine manner and the rat was released from the restraint. During these treatments, none of anesthetics was used, except intital manipulation to secure the rat in the immobilizing position, where a light ether anesthesia was used for less than 5min.
Administration of hypothalamic extract or LH to the rat loaded with the stressful treatments Using the rats exposed to the forced immobilization and the surgical operation for about 2hr from shortly before 14:00 to 16:00 on the day of proestrus, induction of ovulation with a rat hypothalamic extract or LH was tested.
A rat hypothalamic extract was prepared according to the method described by McCann et al.(1960) , using 20 hypothalamic tissue of 5-month old female rats. The final extract was adjusted with physiological saline so as to contain 4 or 6 hypothalami in each 0.6ml solution, and this was infused for 2min from Throughout the present experiments, the tubal ova were examined on the next morning to the day of vaginal proestrus to evaluate the blockade of periodical ovulation.
Results
Ovulation blockade by stressful treatments
In our 4day cycling rats, the time of so called "critical period" related to the central excitation for preovulatory LH surge appeared to be from 14:00 to 16:00 on the day of vaginal proestrus, judging from preliminary tests of the ovulation blockade by various timed injections of nembutal.
As seen in Table 1 , only when the forced immobilization were so applied to the rat as to cover the whole of critical period, an ap- Table 2 . Ovulation induction by administration of LH or rat hypothalamic extract (SME) to the rat imposed with forced immobilization and surgical treatment. * Nembutal; 40mg/kg i . p. injected at 13:30 of the day of vaginal proestrus. ** The rat was imposed with forced immobilization and the surgical operation from shortly before 14:00 to 16:00 on the day of proestrus, and LH or SME extract given at 15:00 (see text). SME extr.: Rat hypothalamic extract prepared by the method of McCann et al., (1960) . sequence of vaginal change for a few days after both the treatments differed from each other; one day of estrus was followed by 3 days of diestrus in the immobilized rats, while 2days of estrus were followed by 2days of diestrus in the anesthesized rats, before restoring the regular 4-day cyclic pattern of vaginal smears.
When LH or a hypothalamic LH-RF extract was administered to the rat which had been exposed during the critical period to the forced immobilization and the surgical operation, the ovulation was induced until the next morning, otherwise it was blocked as shown in Table 3 .
Except ether anesthesia, these compounds manifested a profound blocking influence on the ovulation when the treated dose was enough to keep the animal in complete anesthetic or quiescent state during the whole critical period. Even in the case of ether anesthesia, a further prolongation of the treatment, such as a 4hr inhalation, showed some appreciable blockade of the ovulation.
Preventive action of ether anesthesia on the ovulation to be blocked by the stressful treatments As seen in Table 4 , it was interesting to note that the periodical ovulation was observed by the simultaneous application of ether anesthesia even in the rat subjected to the forced immobilization and surgical operation during the critical period. It became clear that the ether anesthesia thus applied exerted a preventive effect on the blocking processes of ovulation to be brought by the stressful treatment.
But the further prolongation of the duration of both the anesthesia and the stressful treat- * Injected at 13:30 on the day of vaginal proestrus , except ether. ** Inhalated using mask devise continuously for a given time from shortly before 14 :00. *** Based on the absence of tubal ova examined at the next morning to the administrati on. It has been well established that increased secretion of most hypophysial hormones, not alone ACTH (Franksson, et al., 1954; Egdahl, 1959) but also growth hormone (Berson, 1963; Greenwood and Landon 1966) , thyrotrophin (Williams et al., 1949; Bottari, 1957) and prolactin (Neill, 1970; Raud et al., 1971; Dunn et al., 1972) as well as a profound change of catecholamines in the brain (Bliss et al., 1968; Corrodi et al., 1968; Thiery et al., 1970; Ahren et al., 1971) are brought by various kinds of stressful stimuli. But the influence of stressors upon the functions of gonadal axis is not well understood, although many years ago Selye (1939) hypothesized that the stress would shift the phase of pituitary from that favorable for gonadotrophin secretion to that favorable for corticotrophin secretion.
As one of possibilities, the change of catecholamines in the brain brought by the stress may affect LH-RF releasing mechanism and results in the blockade of ovulation, since catecholaminergic fibers are involved in the neural pathway of LH-RF releasing mechanism (Schneider and McCann, 1969 ; Rubinstein and Sawyer, 1970; Kamberi et al., 1970) . Igarashi (1967) have observed an increased ACTH level and decreased levels of LH in the circulating blood in the cold stressed rats, though they sometimes meet simple decreases of LH without showing any increase of ACTH. Kawakami et al., (1968 Kawakami et al., ( , 1971 have found that the immobilization of rabbits increases plasma ACTH and decreases the evoked potentials (EVPs) in the medial basal tuberal region of the hypothalamus where an increase of burst discharge is usually shown at the release of postcoital ovulatory hormone. They (Kawakami et al., 1965 (Kawakami et al., , 1971 ) have also found a decrease of EVPs of the arcuate nucleus lasting for several hours by a single intravenous injection of large amounts of ACTH. These findings may well be compatible with another possibility that the ovulation blockade in question would be a consequence of the suppression of LH-RF releasing via the action of increased ACTH secretion in the stress.
However, elucidation of mechanism involved in ovulation blockade by stressful stimuli has to wait for further investigations.
Since the first finding of Everett and Sawyer (1950) , the blockade of periodical ovulation in cycling rats by several anesthetics, such as barbiturates, transquilaizers etc., applied at the critical period has been well investigated (Sawyer 1963) . In the present study, as seen in Table 3 , urethane and curare in addition to pentobarbital sodium (Nembutal) block the ovulation when their doses are sufficient to keep the animal in complete quiescent state during the whole critical period, while the ether inhalation which covers just enough the critical period does not affect the ovulation.
The anesthetic-blocked ovulation and the stressor-blocked ovulation, both are likely through inhibition of the LH-RF releasing mechanism. However, the intervening mechanisms, involved in the processes of the blockade of LH-RF release seem to be different from each other. Firstly because, the vaginal cytology during a few days after these treatments is not the same as seen in Figure 2 . Secondly, as seen in Table 4 , the blocking effect of the stressful treatments on ovulation is counteracted by a concomitant anesthesia, that is, the stress and the anesthesia seem to act on the LH-RF releasing mechanism antagonistically in a certain respect.
The finding that the blockade of ovulation by the forced immobilization and the surgical treatments applied at the critical period can be prevented by the ether inhalation as long as 2hr, may indicate a non-hazardous means and its maximal allowance for the in vivo experimentations concerning LH-RF or LH releasing mechanism in the rat.
